Various animal models have been used to study pathophysiological and pharmacological aspects of schizophrenia. With regard to the etiology and pathophysiology of this disease, several authors proposed that neurodevelopmental abnormalities in limbic key structures of the medial temporal lobe might play a crucial role and that some clinical aspects can be explained by an early acquired limbic dysfunction (for review see Bogerts 1997) . Recently, a novel animal model simulating neurodevelopmental lesions in the limbic system was introduced by Lipska et al. (1993) . It is based on postnatal lesion of the hippocampus of rats induced by infusion of the excitotoxin ibotenic acid, which produced a temporary specific pattern of alterations in a number of dopamine-related behavioral paradigms (Lipska et al.
Various animal models have been used to study pathophysiological and pharmacological aspects of schizophrenia. With regard to the etiology and pathophysiology of this disease, several authors proposed that neurodevelopmental abnormalities in limbic key structures of the medial temporal lobe might play a crucial role and that some clinical aspects can be explained by an early acquired limbic dysfunction (for review see Bogerts 1997) . Recently, a novel animal model simulating neurodevelopmental lesions in the limbic system was introduced by Lipska et al. (1993) . It is based on postnatal lesion of the hippocampus of rats induced by infusion of the excitotoxin ibotenic acid, which produced a temporary specific pattern of alterations in a number of dopamine-related behavioral paradigms Weinberger 1995, 1996; Weinberger and Lipska 1995) . Comparable results were found by others (Black et al. 1996; Flores et al. 1996; Wan et al. 1996; Wan and Corbett 1997) .
Cognitive impairment is a central manifestation of the schizophrenic illness (Kraepelin 1919) . Adult patients with schizophrenia also suffer from abnormalities in attention and information processing. Hemsley (1996) proposed a breakdown in the normal relationship between stored material and current sensory input. One type of behavioral process that has been examined in this context with special interest is latent inhibition. Latent inhibition (LI) refers to retarded conditioning to a stimulus that has repeatedly been presented without reinforcement (Lubow 1973; Weiner 1990 ). This phenomenon is believed to reflect learning to ignore irrelevant stimuli. Disruption of latent inhibition has received increasing attention as a viable animal model of the failure of schizophrenics to ignore irrelevant stimuli (Feldon and Weiner 1991) . This disruption has been demonstrated in schizophrenia (Lubow et al. 1987; Baruch et al. 1988; Gray et al. 1992 Gray et al. , 1995a Lipp et al. 1992 ). There also have been negative reports of latent inhibition deficiency (Swerdlow et al. 1996) . At present, it is not univocally discussed whether the stage, the duration of illness, or the treatment by neuroleptics could be responsible for these discrepancies. Latent inhibition is similar in humans and animals and can be viewed as reflecting the operation of analogous processes across species (Lubow and Gewirtz 1995) .
The present study was undertaken with the intention to test whether the latent inhibition is disrupted in postnatal lesioned rats. First, we tested such rats for behavioral stimulation by the dopaminergic agonist apomorphine. After demonstrating the hyperresponsiveness of lesioned animals to direct dopaminergic stimulation, we tested the performance of lesioned rats in a latent inhibition paradigm. We used the acquisition of a conditioned reaction in a two-way shuttle box with and without pre-exposure to the to-be-conditioned stimulus.
METHODS
For all procedures followed, ethical approval was sought before the experiments according to the requirements of the National Act on the Use of Experimental Animals (Germany).
Animals
The experiments were performed on Sprague Dawley rats [Shoe:SPRD, Tierzucht Schönwalde GmbH]. The animals were kept under controlled laboratory conditions (light regime of 12 h light 12 h dark, temperature 20 Ϯ 2 Њ C, air humidity 55-60%). They had free access to commercial rat pellets (Altromin 1326) and tap water. The parent animals were housed in macrolon IV cages in permanent breeding. Litters of six to eight pups were formed. Different groups of animals were used for testing at the ages of 6 and 8 wk, respectively.
Hippocampal Lesioning
On day 7, of age pups of a litter were anesthetized by hypothermia, induced by placing on ice for about 15 min. The rats were stabilized in a modified stereotaxic apparatus. An incision was made in the skin overlying the skull and 0.3 l ibotenic acid (Sigma, 15 g/ l), or physiologic saline was infused bilaterally into the ventral hippocampus at a rate of 0.15 l/min at AP, 2.8 mm; ML, 3.5 mm; and VD, 5.0 mm relative to bregma. The injector was withdrawn 3 min after completion of the infusion. The pups were placed under a warming lamp and then returned to their parents. Rats were weaned 2 weeks postoperatively (PD21). Then 5 animals (lesioned or controls) housed together in a cage under identical conditions.
Behavioral Testing
For each behavioral test, different groups of animals were used.
Latent Inhibition
The acquisition and retention of a conditioned reaction in a two-way shuttle box was tested with and without pre-exposure to the to-be-conditioned stimulus using 9-week-old rats.
The automatic shuttle box (TSE, Bad Homburg) was divided into two compartments (0.25 ϫ 0.25 ϫ 0.6 m) separated by a 5-cm hurdle. The conditioned stimuli were light (40 W bulbs located on the central ceiling of each compartment) and a sound produced by a buzzer. The unconditioned stimulus was an electric foot shock of 0.4-0.8 mA (depending on the individual sensitivity of the animals according to vocalization to minimize stress effects), delivered through stainless steel rods covering the floor.
Pre-Exposure. The animals were placed in the apparatus, and the combination of light and sound was delivered 60 times for 7 s (23 s interval). Control animals remained for the same duration (30 min) in the dark chamber.
Training Session. The training session consisting of 80 trials was started immediately after pre-exposure. The animals have to learn, after application of the conditioned stimuli, to move to the other compartment of the shuttle box to avoid the unconditioned stimulus. The conditioned stimuli-unconditioned stimulus interval was 4 s. The stimuli were switched off when the rat had moved to the goal compartment. One trial was limited to 20 s if the animal failed to react within this period.
Retention Test. Twenty four h after training session the retention was tested in a relearning test, carried out in the same manner as the training session, but without pre-exposure.
Training and Relearning. The numbers of escapes (reaction time Ͼ 4 Ͻ 20 s) and conditioned reactions (reaction time Ͻ 4 s) in training and relearning session were recorded for evaluation of learning performance and memory.
Locomotor Activity
Five (PD42) or 7 weeks (PD56) after neonatal lesion, the locomotor activity of sham-operated and ibotenic acid lesioned rats was tested in a fully computerized activity meter (Moti Test, TSE, Bad Homburg). Different groups of animals were used for the two tests at different ages. Registration of motor activity during a habituation period on the activity meter for 20 min. After habituation the animals were injected with 0.7 or 1.5 mg/kg apomorphine (Teclapharm GmbH, Lüneburg) i.p., and the locomotion was registered for further 40 min. Different parameters, such as activity time (s) and distance traveled (m) were calculated at intervals of 10 min.
Histology
After completion of the behavioral experiments, the animals were killed by decapitation. The brains were quickly removed from the cranium, fixed in 10% formalin and embedded in paraffin. The specimens were cut into 6-m thick coronal sections using a microtome. Every tenth section was Nissl-stained and subjected to morphological inspection under a light microscope (Leitz). For neuroanatomical orientation, the atlas of Paxinos and Watson (1982) was used. The effect of ibotenic acidinduced hippocampal lesions was checked. According to the administration of the excitotoxin was regarded as successful if the ventral portion of the hippocampus was bilaterally destroyed without having affected the dorsal part.
Statistics
To evaluate the stimulating effect of apomorphine on locomotor activity a two way ANOVA with lesion as an independent variable and time interval as a repeated measure using ranks was performed followed by posthoc two-tailed Mann-Whitney U test. Concerning the learning experiment, two-way analysis of variance with lesion and condition (pre-exposure or no pre-exposure) as independent factors was applied, followed by oneway analysis of variance. The basis of statistical decision was a significance level of 0.05. The calculations were carried out by means of SPSS/PC ϩ software (ANOVA).
RESULTS
Learning experiments in the shuttle box demonstrated significant differences between the four experimental groups (Figure 1) . No significant alteration of the ability of lesioned animals to acquire the conditioned reaction was found under control conditions compared to saline injected rats. The saline groups showed a remarkable latent inhibition, i.e., pre-exposed animals performed significantly fewer conditioned reactions in the training session. The latent inhibition was disrupted in the ibotenic acid lesioned animals. Pre-exposed lesioned rats performed significantly more correct reactions than control animals under the same conditions. Regarding the learning performance in the retention test 24 h later, no significant differences between the four animal groups investigated were found.
No differences in the locomotor activity on the activity meter were found in the habituation period between neonatal ibotenic acid lesioned rats and control animals in 6-and 8-week-old rats, respectively (Table 1 ). The activity (activity time in s, distance traveled in m) was also identical in both groups after administration of 0.7 mg/kg apomorphine i.p. in male 6-week-old rats (Figure 2) . When the stimulation by 0.7 mg/kg IP of the dopaminergic agonist apomorphine was investigated in male 8-week-old rats, a significantly enhanced activation was seen in postnatal lesioned rats compared to control animals ( Figure 3) . Injection of the relatively high dose of 1.5 mg/kg apomorphine IP evoked in 8-week-old male control and lesioned rats such a longer lasting activation that a stronger activation in lesioned rats was first seen only in the observation interval 30 to 40 min after apomorphine injection (Figure 4) . We did not observe strong stereotypic responses such as licking, or biting, at this dose of apomorphine.
Histological investigations demonstrated bilateral destruction of the ventral hippocampus. Morphological control revealed that the utmost caudal portion of the hippocampus remained intact in our experiments. A typical lesion pattern is shown in Figure 5 . Animals with (1) an incomplete, bilateral destruction of the ventral hippocampus, (2) a unilaterally destroyed ventral hippocampus, or (3) lesions in the dorsal part of the structure were excluded from further analysis of the data of the behavioral experiments. The hippocampus was morphologically intact in rats that had been subjected to saline administration.
DISCUSSION
Our results clearly demonstrated a disruption of latent inhibition in postnatal hippocampal lesioned male rats after puberty. Such rats acquire the conditioned reaction in a manner similar to controls. However, after preexposure to the to-be-conditioned stimulus, no latent inhibition was found, whereas the latent inhibition was remarkable in the control group. The fact that only latent inhibition is disrupted, and not memory acquisition and storage of the conditioned reaction, was sup- ported by the retention of lesioned rats being very high in the relearning session 24 h later. The relevance of disruption in latent inhibition to deficits of schizophrenic patients in information processing and particular to the deficit in the ability to ignore irrelevant stimuli has been extensively documented (Solomon et al. 1981; Weiner et al. 1981) . Latent inhibition is disrupted in rats (Solomon et al. 1981; Weiner et al. 1981; Killcross et al. 1994 ) and in normal humans (Gray et al. 1992 ) by amphetamine, and this disruption of latent inhibition is antagonized by antipsychotic drugs (Weiner and Feldon 1994; Gosselin et al. 1996; Moran et al. 1996) . Neuroleptic treatment on its own enhances the latent inhibition effect (Feldon and Weiner 1991; Dunn et al. 1993; Peters and Joseph 1993) , in which the model is equally sensitive to typical and atypical antipsychotics (Weiner et al. 1996; Trimble et al. 1997 ). This enhancement of latent inhibition by neuroleptics is evident in health people, too (Williams et al. 1997) . Recently, have demonstrated a reduction in prepulse inhibition and an enhancement in the sensitivity to the disruption by apomorphine of prepulse inhibition in neonatal hippocam- pal-lesioned rats. This reflects a disturbance in sensomotor gating, which is also impaired in adult patients with schizophrenia (Braff et al. 1978; Bolino et al. 1994) . It could be suggested that the neuronal basis for the disturbances in prepulse inhibition and in latent inhibition may be similar because both reflect impaired information processing and sensorimotor gating. But studies using local application of dopamine antagonists support the hypothesis that these aspects of information processing are mediated via different neuronal mechanisms (Ellenbroek et al. 1996) . The neonatal lesion of the ventral hippocampus in rats leads to disturbances of both behavior pattern and is evident in a similar way in schizophrenics.
There are some reports in the literature demonstrating that latent inhibition depends on the integrity of the hippocampal formation and of the retrohippocampal region (Gray et al. 1995b ). Thus, latent inhibition is disrupted by large conventional (electrolytic or aspiration) hippocampal lesions in adult rats (Ackil et al. 1969; Kaye and Pearce 1987a,b; Gray et al. 1991) . But an axonsparing excitotoxic lesion limited to the major cellular components of the hippocampus seemed to spare latent inhibition (Honey and Good 1993) . It is additionally of special interest in the context of the postnatal lesion model that aspiration lesions of the ventral hippocampus of adult rats did not disrupt the development of latent inhibition (Clark et al. 1992) . To validate the specificity of the neurodevelopmental aspect, it is necessary to compare the effects of postnatal lesions of the ventral hippocampus and lesions of the ventral or dorsal hippocampus in adult rats in our latent inhibition paradigm. Thereby, it is important to produce lesions to the same extent.
The intention of initial studies was to demonstrate the hyperresponsiveness to dopaminergic stimulation by the direct dopamine receptor agonist apomorphine in postnatal hippocampal-lesioned male rats when the animals were tested at the age of 8 weeks. The enhanced stimulation compared to sham-lesioned control rats by apomorphine could be shown in different parameters of locomotion and using different doses of apomorphine and was only detectable after puberty. Lesioned rats tested at the age of 6 weeks do not differ from controls. These results are in accordance with the data from the relevant literature, investigating direct and indirect stimulation by apomorphine and amphetamine, respectively (Flores et al. 1996; Lipska et al. 1993; Wan et al. 1996; Wan and Corbett 1997) . Experiments using different dopaminergic agonists and antagonists (Wan et al. 1996) and microdialysis studies suggest an increased postsynaptic sensitivity of the D2 subtype of receptors as basis for behavioral hyperresponsiveness. As described by Schroeder et al.
(unpublished results) D1-and D2-binding sites in the striatum were downregulated in lesioned animals whereas dopamine binding sites in other brain regions were not altered.
These results provide further support for the relatively high degree of construct and face validity of this neurodevelopmental animal model of schizophrenia. Further investigations using typical and atypical neuroleptics should be carried out to test the predictive validity. 
